We study the longitudinal decorrelations of elliptic, triangular and quadrangular flows in heavy-ion collisions at the LHC and RHIC energies. The event-by-event CLVisc (3+1)-dimensional hydrodynamics model, combined with the fully fluctuating AMPT initial conditions, is utilized to simulate the space-time evolution of the strongly-coupled quark-gluon plasma. Detailed analysis is performed for the longitudinal decorrelations of flow vectors, flow magnitudes and flow orientations. We find strong correlations between final-state longitudinal decorrelations of anisotropic flows and initial-state longitudinal structures and collision geometry: while the decorrelation of elliptic flow shows a nonmonotonic centrality dependence due to initial elliptic geometry, typically the longitudinal flow decorrelations are larger in lower energy and less central collisions where the mean lengths of the string structure are shorter in the initial states.
Introduction
Initial-state fluctuations and final-state anisotropic flows V n provide important tools for studying stronglycoupled quark gluon plasma (QGP) in relativistic nuclear collisions at RHIC and the LHC. By means of relativistic hydrodynamics simulation supplemented with fluctuating initial conditions, many theoretical studies have been focus on anisotropic flows and their fluctuations and correlations in the transverse directions. Recently, much interest has been paid on the fluctuations in the longitudinal (pseudorapidity) direction, which have the potential probe the longitudinal structure and evolution dynamics of the QGP fireball. Longitudinal fluctuations in the initial states imply that the final anisotropic flows may be different at two different rapidities: V n (η 1 ) V n (η 2 ) for η 1 η 2 . In this work [1] , we employ the CLVisc (ideal) (3+1)-dimensional hydrodynamics model [2] combined with the AMPT [3] initial conditions, and perform a systematic study on the longitudinal decorrelations of anisotropic flows, in terms of flow vectors, flow magnitudes and flow orientations, for different collision energies and centralities in heavy-ion collisions at RHIC and the LHC.
Event-by-event (3+1)-dimensional hydrodynamics simulation
In this work, we use the ideal version of the CLVisc (3+1)-dimensional hydrodynamics model [2] to simulate the dynamical evolution of the QGP fireball. The initial conditions are obtained by the AMPT Slope parameter model [3] which provides partons' positions and momenta for constructing the energy-momentum tensor:
is then numerically solved using KT algorithm. The momentum distributions of final hadrons are computed using Copper-Frye formula, in which the freeze-out temperature is taken as T f z = 137MeV.
Longitudinal decorrelations of anisotropic flows V n
To study anisotropic flows, we use Q n -vector method:
, where q n and Φ n denote flow magnitude and flow orientation, respectively, in a given η bin. The longitudinal decorrelations of anisotropic flows may be studied using the following correlation functions [4, 5, 6, 7, 8] : region [9, 10] , it is convenient to use the slopes of the decorrelation functions to quantify the longitudinal decorrelation effects. We follow ATLAS Collaboration [5] to define slope parameters as follows: Figure 1 shows the slope parameters
, as function of collision centrality, for elliptic (n=2), triangular (n=3) and quadrangular (n=4) flows, for 2.76 TeV and 5.02 TeV Pb+Pb and 200 GeV Au+Au collisions. One can see that for all collision energies and centralities explored here, pure flow orientations have larger decorrelation effects than pure flow magnitudes, while the decorrelations of flow vectors sit in the middle. Also we observe a strong and non-monotonic centrality dependence for V 2 decorrelation due to the initial-state elliptic collision geometry. Since V 3 is dominated by fluctuations [11] , we observe weak centrality dependence for its longitudinal decorrelation, which tends to increase from central to less central collisions (similar trend for V 4 decorrelation as well). Another important result is that V n decorrelations are larger at RHIC (lower collision energy) than at the LHC (higher collision energies).
The collision energy and centrality dependences of longitudinal decorrelations can be traced back to the longitudinal structures in the initial states. To illustrate this, we apply k-means algorithm to extract the lengths of the initial string structures in the AMPT model. The results are shown in Figure 2 , for three typical central events in 200A GeV Au+Au collisions and 2.76A TeV, 5.02A TeV Pb+Pb collisions. We can see that the mean lengths of the initial string structures increase from lower to higher collision energies. Figure 3 shows the slope parameters f [n, k], f Φ [n, k] and f M [n, k] (with k = 1) as function of collision energy and centrality (in terms of the mean string length) for V 2 , V 3 and V 4 at RHIC and the LHC energies. We find strong correlations between the longitudinal flow decorrelations in the final states and the longitudinal structures in the initial states: the longitudinal decorrelations of V n tend to be larger in lower energy and less central heavy-ion collisions where the lengths of the initial string structures are shorter.
Summary
In summary, we have performed a detailed analysis on the longitudinal decorrelations of elliptic, triangular and quadrangular flows in relativistic heavy-ion collisions at the LHC and RHIC energies. We find that the longitudinal decorrelation effects are much larger for pure flow orientations than for pure flow magnitudes. Also, a non-monotonic centrality dependence is found for the elliptic flow decorrelation. Another important finding is that the longitudinal flow decorrelations are usually larger in lower energy and less central collisions due to the shorter lengths of the string structures in the initial states of heavy-ion collisions. 
